Gap junctions and propagation of the cardiac action potential.
Pacemaker cells in the heart generate periodic electrical signals that are conducted to the working myocardium via the specialized conduction system. Effective cell-to-cell communication is critical for rapid, uniform conduction of cardiac action potentials-- a prerequisite for effective, synchronized cardiac contraction. Local circuit currents form the basis of the depolarization wave front in the working myocardium. These currents flow from cell to cell via gap junction channels. In this chapter, we trace the path of the action potential from its generation in the sinus node to propagation through the working myocardium, with a detailed discussion of the role of gap junctions. First, we review the transmembrane ionic currents and the basic principles of conduction of the action potential to the working myocardium via the specialized tissues of the heart. Next, we consider the relative contribution of cell geometry, size, and gap junction conductance. These factors are examined in terms of their source-to-sink relationships. Lastly, we will discuss new insights into the importance of gap junctions in cardiac conduction in health and disease which have been gained from high resolution optical mapping in connexin-deficient mice.